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Hype Suprime-Cam

~ 10 G pixel 
Digital Camera
for Subaru 
Prime Focus

1.5 degree FOV

3 m high
~ 3 tons
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Key Elements

- Sharp Lens: < 0''.2 FWHM

- Large Number of  CCDs
  :  to pave ø 50 cm focal plane
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HSC Optics
- 1 Aspheric mirror

- 7 element corrector
- cf LSST

- 3 Aspheric mirror
- 4 element corrector

HSC: 
Atmospheric 
Dispersion 
Corrector
implemented 

# of surface:
LSST 11
HSC 15
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LSST Optics
• 3 Aspheric mirror

• 4 element corrector
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LSST Optics Design

D80: 80 % Encircled  Energy 
Diameter

Design Value
D80 = 0.2 

arcsec

c.f. 
HSC:
Design: 0''.
15
Total:   0''.3
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CCDs
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NAOJ-HPK Collaboration

1994 - 1996  Back Illuminated small CCD
1996 - 1998  2k4k Front illuminated CCD
1999 - 2008  BI 2k4k Fully Depleted CCD

1998 2008
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Detector

• 2k4k 15µm

• Fully depleted CCD

• High resistivity Si

• 200 µm thick

Collaboration with Hamamatsu
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HPK Fully Depleted CCD

Copyright © Hamamatsu Photonics K.K.   All Rights Reserved.

11

15umx2kx4k 4-side Buttable Thick BICCD

SpecificationParameter

200umSi Thickness

40% at 400nm
90% at 650nm
40% at 1000nm

Quantum efficiency

<5e- at 130kHzReadout noise

5uV/e-CCE

<5e-/pixel/hour at -100 CDark

>150ke-Full well capacity

>0.999995CTE

Aluminum Nitride Package

One stage MOSFET SF 4ch. Output

2phases or 4phasesHorizontal clock phase

3phasesVertical clock phase

2048(H)x4096(V) or 2048(V)Number of active pixels

15um squarePixel size

FFT or FT(necessary to put a 
light shield externally)

CCD Structure
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CCD Structure Full Frame Transfer
Si Thickness 200 µm (Can be 100 ∼ 300 µm)
Vertical clock phase 3 phases
Horizontal clock phase 2 phases or 4 phases
Output Amprilfiers 4 one stage MOSFET on chip

and one J-FET on the package

Package Material Aluminum Nitride

Table 1: HPK CCD configulation
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Package Structure
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CCD chip
Low viscosity epoxy

CCD base
Printed epoxy 
resin adhesive 

Pin base

10um
flatness 
achieved



Satoshi Miyazaki HSC/NAOJ

Full well
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Optical Quantum Efficiency

e2v CCD for 
MegaCam

Hamamatsu
FDCCD

hpkqecompare7.sm
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CCD Performance
2 CHAPTER 1. SENSOR

Items Requirement (-100◦C) Measured

Packaging Format (pixel size) 2048×4096 (15 µm!) -
Pixel to Package edge < 0.5 mm 0.410±0.025
(Serial register side) < 5.0 mm 4.975±0.025
Global height variation < 25 µm Peak-to-Valley

QE 400 nm > 45 42
550 nm > 85 87
650 nm > 90 94
770 nm > 85 91
920 nm > 80 78
1000 nm > 40 40

CTE (per pix) Parallel direction > 0.999995 (1600 e) 0.999999
Serial direction > 0.999995 (1600 e) 0.999998

Dark Current < a few e/hour/pix 1.4
Charge diffusion σD < 7.5 µm (400 < λ < 1050 nm) 7.5
Full well 1 % departure > 150,000 e 180,000
Amp. Responsivity > 4 µV/e 4.5
Readout noise 150 kHz readout < 5 e 4.5

Table 1.1: Specifications of CCDs and the actual performance measured on the prototype.
All measurements are made at -100 ◦C.

Specification of charge transfer efficiency (CTE), dark current and amplifiers readout noise
are all equivalent with what were realized on CCID-20 and other science grade CCDs.

1.1.2 Hamamatsu fully depleted CCD

1.1.2.1 NAOJ - HPK collaboration

When we started a conceptual study of Suprime-Cam in 1993, the procurement of large
format CCD was one of the biggest concerns. In order to pursue the possibility of building
CCDs in Japan, we firstly contacted Hamamatsu Photonics which had just started developing
CCDs for various science application. They provided us with small (∼ 1 cm2 square) thin
back illuminated CCDs and we evaluated the devices under the cryogenic and low light
condition. This was the beginning of the collaboration between NAOJ and Hamamatsu.

In 1997, Hamamatsu had successfully delivered the first large format CCD (2048×4096
15 µm pixel three side buttable). The test results showed that the CCD featured excellent
performance in CTE (> 0.999995), dark current (a few pix/hour) and the readout noise (3.5
e for 20 kHz pixel rate) [1]. It was noted that the defects were quite few (only several column
defects) for such large format devices, which implied the high level of quality control of the
product at Hamamatsu. This front illuminated (FI) CCD was supposed to be processed into
back illuminated (BI) CCDs to enhance the quantum efficiency.

In the meantime, MIT/LL eventually started delivering the BI CCID-20 and the per-
formance was promising. We thus gave up adopting Hamamatsu CCDs to Suprime-Cam
because the schedule of Subaru first light was too soon. The project with Hamamatsu was
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CCD Installation 2011/11
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Flatness of the Focal Plane
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HSC Focal Plane
116 HPK FD CCDs
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Assembly of the Dewar
t=37mm Quartz Window ~ 20 kg
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In-Dewar Electronics Assembly

Nakaya et al. 8453-101

150 kpix/s
R.N. ~ 4 e(inc. CCD) 
~ 25 sec R.O. time



Satoshi Miyazaki HSC/NAOJ

CCD Read Out

CCD ADC

AD7686
OPA 627

AC-couple

Single Non-
inverting Amp

Integration Type
CDS

~ 150 kpix/sec = 
15 sec readout
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Camera Unit Assembly
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Camera docking with POPT2

2012/06
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2nd Observing run 2013/1

Filter Exchanger Ready and Installed
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Performance Test using Stars

No large telescope can achieve this 
superb image over the ø1.5 degree 
field of view.



Satoshi Miyazaki HSC/NAOJ

HSC Best Seeing Record

Nov. 2 2013 23:25
object081
EL=62
Texp  = 300 (no guide) 
<FWHM> ~ 0''.43
Y-band

Nov. 2 2013 22:49
object059
EL=70
Texp  = 30 
<FWHM> ~ 0''.42
Y-band

1.5 deg
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Performance Check Using Stars

• No degradation of the image quality 
observed when we lower the elevation down 
to 25 deg

• Misalignment due to flexure minimum as 
designed

• System throughput evaluated using SDSS 
stars and consistent with the expectation 
within 5 %  
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Image of M31

CCD read out and 
save onto the 
disk in ~ 25 sec
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HSC M31 Image

Bias Subtraction
Flat Fielding

Warp CCD images 
to map onto the 
sky
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Image of M31

5 dithered 
exposures (2.8 min 
each av.) to filled 
the gaps of CCDs
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Commissioning Run Underway

1400/10000 will be replaced with the deeper 
HSC images on google sky
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Observing Proposal

• 300 nights

• 166 Collaborators

• 2012/10 Submitted

2013/05 Accepted
300 nights guaranteed
from 2014/02 
2016:Mid term review
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HSC SSP Survey: Three layers

• Three-tier survey

• Wide: 1400 sq. degs, 
i~26

• Deep: 28 sq. degs, i~27

• Ultradeep: 3 sq. degs, 
i~27.7

HSC-UD

HSC-D

HSC-Wide
all 
sky
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Fat PSF ?

• Can be a show-stopper ?

• Shape measurement error ?

• Crucial Error PSF photometry  ? 
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Old setup of the measurement

10 micron pin hole is projected 
with X 1/10 (NA ~ 0.25) optics

Measurement setup

Expected

Measurement is consistent 
with expected value.
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fat psf
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New Setup by NAOJ Astrometry Group

• Developed by  Y.Kobayashi

• 1/20 pixel step X-Y stage to measure the pixel 
response function

Pulse Generator

light profile is 
measured independently 
using 2 µm mask and PD

Pixel Response Function
(charge diffusion/mobility)

estimated by comparing 
the simulation
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HPK CCD Photon Transfer
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Tree Ring ?

~0.2 %
MIT/LL CCID20



NAOJ/HSC

Other Issues to be settled
(1) Global slope seen on the Dome Flat

Reached up to 20 %

This dome flat 
cannot be 
used for 

calibration.

Light Leak ?
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Other Issues to be settled
(2) Stray Light

g (5 ~ 6 %) r (2 %) i (~2 %)

These are apparently not aperture ghost 
but stray light.
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Summary

• HSC camera development completed

• Data management software being matured

• In the middle of the commissioning

• 300 nights proposal accepted

• Survey from 2014/02 over 5 years (planned)

• First Public Data Release 2016/02 (planned)

• +++ More careful CCD Characterization and 
establish the way of the calibration




